The annual inspection conducted at the UC-1 Central Mud Pit (CMP) indicated that the site and soil cover was in good condition. Three fractures (one new and two smaller fractures at previously existing locations) were identified in the soil cover, indicating that the cover is still settling, and were filled with bentonite chips during the inspection. The vegetation on the soil cover was adequate. No issues with the CMP fence, gate, or subsidence monuments were identified. No issues with the warning signs and monuments at the other two UC-1 locations were identified.
The annual subsidence survey was conducted at the UC-1 CMP and UC-4 Mud Pit C in June 2010. The results of the subsidence surveys indicate that the covers are performing as expected, and no unusual subsidence was observed. However, the two UC-4 subsidence markers have shown increases in elevation over the past year.
A biennial vegetation survey of the UC-1 CMP cover and adjacent areas was not conducted as part of the annual inspection this year but will be performed next year.
Precipitation from July 1, 2009, through June 30, 2010, was slightly less than in the previous year; the total rainfall for this period was 6.9 inches. Soil moisture content data showed that the UC-1 CMP cover is performing as designed, and evapotranspiration is effectively removing water from the cover.
The inspection at UC-3 indicated that the site is in good condition. All monuments and signs showed no displacement or damage, and none have been removed. No other issues or concerns were identified.
The inspection at UC-4 indicated that the site is in good condition. All monuments and signs showed no displacement or damage, and none have been removed. This report provides an analysis and summary of the annual site inspection and subsidence survey, meteorological information, vegetation survey, and soil moisture monitoring data collected since the last annual inspection in June 2009. In 2010, the annual site inspection was conducted to document the physical condition of the CAU 417 soil covers, monuments, signs, fencing, and restricted-use areas. Subsidence surveys of the UC-1 Central Mud Pit (CMP) and UC-4 Mud Pit C covers were also conducted. In addition, the UC-1 CMP cover is instrumented to monitor the soil moisture conditions within the upper 1.2 meters (m) (4 feet [ft]) of the cover to determine if the cover is performing as designed.
Introduction

Purpose
The purpose of the post-closure monitoring at CAU 417 is to determine if:
• The UC-1 CMP or UC-4 Mud Pit C cover, fences, or diversion channels need maintenance or repairs;
• The UC-1 CMP or UC-4 Mud Pit C cover is subsiding;
• The UC-1 CMP cover is performing as designed;
• Vegetation on the UC-1 CMP cover is healthy;
• The aboveground monuments or warning signs at UC-1, UC-3, and UC-4 need maintenance or repairs; and
•
The administrative controls need modifications.
Site Location and Background
CNTA is approximately 22.5 kilometers ( 
Geologic Setting
CNTA is in the north-central portion of the Hot Creek Valley within the Basin and Range physiographic province. This province consists of roughly north-south-trending mountain ranges separated by alluvial valleys. The UC-1 site lies at an elevation of 1,860 m (6,100 ft) above mean sea level and is bordered by the Hot Creek Range to the west and the Pancake Range to the east. The Hot Creek Range is composed of Paleozoic sedimentary rocks and Tertiary volcanic rocks. The Paleozoic rocks consist of sandstone, quartzite, limestone, and dolomite, and the Tertiary volcanic rocks consist of welded tuff; nonwelded, bedded tuff; argillized and zeolitized tuff; conglomeratic, tuffaceous sandstone; carbonaceous siltstone; and rhyolite (Healey 1968) . The alluvium at UC-1 is approximately 730 m (2,400 ft) thick and is underlain by tuffaceous sediments and zeolitized tuffs to a depth of approximately 998 m (3,275 ft) (Barnes 1968) . The Morey Peak−Hot Creek Caldera is thought to be buried by deposits of tuff and alluvium beneath the northern portion of Hot Creek Valley (Healey 1968) .
The Project Faultless test resulted in the subsidence of an irregularly shaped area of approximately 1.5 square kilometer (0.6 square mile). One northeast-trending fault scarp extends beneath the southeastern corner of the UC-1 CMP, with as much as 4.6 m (15 ft) vertical displacement. The formation of this scarp disrupted normal drainage patterns, so flood diversion channels were constructed to protect the cover and prevent infiltration along the fault scarp (NNSA/NV 2001). The depth to water at the UC-1 CMP is approximately 84 m (275 ft) bgs based on measurements obtained from well UC-1-P-1S prior to and after its recompletion in June 2009 (Figure 1-2) . Water levels measured before the recompletion of UC-1-P-1S had been • Inspecting the UC-1 CMP cover and UC-4 Mud Pit C cover and fencing. This includes walking the entire perimeter of the fence and documenting the condition of the barbed-wire and chicken-wire fencing, warning signs, and entrance gate.
• Inspecting all aboveground monuments, attached warning signs, and affixed survey pins placed at the UC-1, UC-3, and UC-4 sites for signs of wear, disturbance, vandalism, animal burrows, and other damage. Repairing monuments and attached signs during site inspections or, if necessary, later in the calendar year.
• Inspecting the condition of the 2 subsidence monuments (SMs) on the UC-4 cover and 12 SMs on the UC-1 CMP cover. A subsidence survey of all SMs is conducted annually to determine if the covers have subsided.
• Documenting any changes to the covers or fenced areas, including but not limited to the presence of trash and debris inside the fenced areas, animal burrows on the covers or under the perimeter fences, erosion features on the covers or diversion channels, and any change in the health of the UC-1 CMP cover vegetation.
• Documenting the soil water content profile of the UC-1 CMP cover to evaluate whether the cover is performing as designed.
• Biennially reporting on the health and stability of the UC-1 CMP cover vegetation.
Maintenance and Repair
If a site inspection detects that either the UC-1 CMP cover or the UC-4 Mud Pit C cover is not in compliance, if conditions requiring major repairs are noted, or if any other problems in critical areas are noted, then issues will be evaluated and reported to the Nevada Division of Environmental Protection (NDEP) within 60 days of detection (in compliance with the FFACO).
The following guidelines apply to CAU 417 maintenance and repairs:
• Cracks, settling features, erosion rills, and animal burrows more than 15 centimeters (cm) (6 inches [in]) deep that extend 1 m (3 ft) or more and that do not compromise the UC-1 CMP or UC-4 Mud Pit C covers will be evaluated and repaired within 90 days of detection.
• Noncritical cracks, settling features, erosion rills, and animal burrows less than 15 cm (6 in) deep that extend less than 1 m (3 ft) will be repaired during the site inspection visit.
• Damage to the fencing surrounding the UC-1 CMP cover or the UC-4 Mud Pit C cover, warning signs, or monuments will be evaluated and repaired within 90 days of detection.
• Major damage to use-restriction warning signs or monuments will be evaluated and repaired during subsequent site inspections.
• All repair work will preserve the original as-built design and will be documented in the annual Post-Closure Inspection and Monitoring Report. 
Cover Moisture Monitoring
The CNTA UC-1 CMP monolayer cover is designed to limit infiltration of moisture into the disposal unit by evapotranspiration from vegetation that was established on the cover. The cover performance is monitored using time domain reflectometry (TDR) sensor data to provide a profile of the water content in the cover. The soil water content profile determines whether the cover is performing as designed and if it is in compliance with the closure plan and agreements.
The soil moisture content is obtained using a Campbell Scientific TDR-100 and recorded by a Campbell Scientific data logger (CR1000) and a radio housed in an instrument vault located just off the southern edge of the cover. The radio transmits data to an on-site telemetry station. Soil moisture data are being recorded twice daily, and are imported into and saved in the System Operation and Analysis at Remote Sites (SOARS) system at LM's Grand Junction office. The post-processing software that SOARS uses automatically produces graphs, creates tables, and backs up data daily.
TDR sensors were buried in the cover at two locations (West TDR and East TDR) during cover construction. At both locations, two TDR sensors were placed below the surface of the cover at the following depths: 0.15, 0.46, 0.76, and 1.07 m (0.5, 1.5, 2.5, and 3.5 ft) (Figure 2-1) . The TDR nests are located approximately 48 m (157 ft) northwest and 48 m (157 ft) northeast of the instrument vault.
The TDR probes were calibrated to volumetric moisture content (VMC) using a dry-down method with native soil and full-length cable. The results of the calibration indicated that a site-specific calibration equation should be used instead of the standard Topp equation (Topp et al. 1980) . It was also found that long cable lengths and soil conductivities caused the TDR reflection end points to become extremely flat under saturated and near-saturated conditions, resulting in unreliable data in these regions.
A fourth-order polynomial fit of the calibration data, over the range of 5 to 35 percent VMC, yielded the following calibration equation:
Where L/L is the ratio of cable length to probe length as recorded by the data logger.
Cover Moisture Compliance Criteria
The depth of the deepest TDR soil moisture probe is the point of compliance for the UC-1 CMP cover, which is approximately 1.07 m (3.5 ft) below ground surface. Cover compliance will be based on the soil moisture content of the cover once steady-state conditions are reached. Cover performance modeling presented in the CAU 417 Corrective Action Plan (DOE/NV 2000) predicted that steady-state conditions would be achieved within 10 years of cover construction, which was completed in September 2000. If soil moisture data indicate that the cover is not operating according to established compliance criteria, NDEP will be notified of the noncompliance within 14 days. After NDEP has been notified of the noncompliance, LM will submit a work plan to NDEP within 90 days; the work plan will outline the proposed remediation/investigation plan. All corrective actions will be documented in the annual Post-Closure Inspection and Monitoring Report. 
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Annual Site Inspection Results
The annual inspection of the three sites was performed on June 15, 2010. Copies of the inspection checklists and photographs are included in Appendix A. The following sections summarize the inspection results.
UC-1 Inspection
The locks, fencing, SMs, and signs associated with the CMP were in good order, with the exception of one sign that had fallen along the southeast side of the fence line and was reattached to the fence at the time of this inspection. One new and two existing cracks or fractures were identified in the soil cover, indicating that consolidation (settling) due to the weight of the cover on the CMP continues, and were repaired at the time of the inspection. The vegetation on the cover continues to look healthy. All other signs and monuments at Mud Pits A and E (Figure 3 -1) were in excellent condition.
Near the downstream toe of the CMP, outside of the perimeter fence, a hole in the ground was observed in the drainage channel extending along the northeast side of the CMP. The hole was approximately 1.5 ft in diameter, and a shovel placed into the hole went in approximately 2 ft. There was no mounding of dirt around the hole, which indicates that the hole was not an animal borrow. The feature looks to be a result of piping erosion. Piping is a subsurface form of erosion that involves the removal of subsurface soils in pipe-like erosion channels to a free or escape exit. No exit area was observed. Photographs 13 through 15 in Appendix A show the erosion piping feature. At the time of the inspection, this erosion feature was backfilled up to surface grade with a mixture of soil and a 50-lb bag of bentonite.
UC-3 Inspection
The site was in excellent condition . No issues with the monuments or signs were identified, and no maintenance or repairs were recommended.
UC-4 Inspection
The Mud Pit C fence and SMs were in good condition. A pin on the gate lock hasp was missing, but it does not affect the integrity of the locking mechanism. The two small erosion rills that were identified and repaired at last year's inspection showed no further signs of activity. No new erosion concerns were apparent at this year's inspection. Some vegetation is growing on the cap, however, and the inspection team removed a large amount of the sagebrush that was growing on the west side of the cap. No issues that affected the integrity of the cover and appurtenances were noted. Mud Pits A, B, and D were in excellent condition, and no issues were identified with Area S or Area X (Figure 3-3) .
Post 
Subsidence Survey Results
Surveys of the SMs for UC-1 and UC-4 were performed on June 15, 2010. The following sections summarize the survey results.
UC-1 Survey
Twelve SMs were installed on the UC-1 CMP cover to provide elevation control and measure subsidence of the cover and relocation trench (NNSA/NV 2001). The degree of settlement in the relocation trench and CMP is within the predicted range and shows no unusual subsidence. The data collected over the CMP section of the cover indicate that the largest subsidence is along the centerline of the CMP, including SM-6, SM-7, and SM-8, and along the southern portion of the cap at SM-10, SM-11, and SM-12. This was expected because of the thicker layer of underlying mud in these areas. The northern monuments (SM-2, SM-3, and SM-4) and the westernmost monuments (SM-1, SM-5, and SM-9) show the least subsidence because the layer of underlying mud along these margins of the cover is thinner. The greatest degree of settlement continues to be on SM-6, which has subsided a total of 0.186 m (7.32 in) since the baseline survey in December 2000.
UC-4 Survey
Two SMs (west and east monuments) were installed in the UC-4 cover to provide elevation control for measuring the subsidence of the cover. Figure 3 -5 shows these SMs. An initial subsidence survey was completed on October 12, 1999, and is used as a baseline to calculate subsidence. The UC-4 baseline survey locations and elevations are provided in Table B−2 
Vegetation Survey Results
A vegetation survey was not performed in 2010. The next vegetation survey will be conducted in 2011.
Precipitation and Soil Moisture Monitoring Results
A Campbell Scientific TE525 tipping bucket rain gauge collects precipitation data at the UC-1 CMP cover. A CS705 precipitation adapter is used for snowfall measurements. The rain gauge data are collected and stored by the data logger and sent to an on-site telemetry station. The data are then sent to, and saved on, SOARS. The rain gauge was evaluated and repaired during a general site maintenance visit conducted in early October 2008. 
UC-1 East TDR Nest
Soil moisture data obtained for the east TDR nests , measured at depths of 0.76 m and 1.07 m (2.5 and 3.5 ft), and were corrupted by an unknown cause. Previously, the lengthy cable created a problem in measuring the reflected signal from the TDR probes (NNSA/NV 2007) . Inappropriate signal responses from the two lower stations in the east TDR nest make interpreting the data difficult. The TDR data from all depths are presented in Figure 3 -8 and Figure 3 -9 but only the two TDR sensors at the shallower depths appear to be responding to the infiltrating moisture. The VMC data fluctuates seasonally in response to snow melt during spring thaw and precipitation events. Annually, the VMC data are highest during spring thaw and slowly decreases throughout the Spring and early Summer when VMC reaches steady state conditions ranging from 11 to 15 percent in the upper 1.5 ft of the cover.
UC-1 West TDR Nest
Soil moisture data obtained for the west TDR nest (Figure 3 -10 and Figure 3 -11) indicate that conditions have been steady throughout most of the year and that VMC has varied by less than 1 percent in the upper 2.5 ft of the cap. The VMC data fluctuates seasonally in response to snow melt during spring thaw. Annually, the VMC data are highest during spring thaw and slowly decreases throughout the Spring and early Summer when VMC reaches steady state conditions ranging from 11 to 15 percent in the upper 3.5 ft of the cover. These trends extended into midOctober 2010 Doc. No. S06970 Page 4-1 4.0 Summary, Conclusions, and Recommendations
Summary
The 2010 annual inspection of the UC-1 CMP indicated the continued integrity of the cover unit. Three fractures (one new and two smaller fractures at previously existing locations) were observed on the UC-1 CMP cover during the 2010 annual inspection and are the result of the cover's continuing settlement. These cracks were repaired with an application of bentonite fill at the time of the inspection. No issues with the fence or gate were identified.
Near the downstream toe of the CMP, outside of the perimeter fence, a hole in the ground was observed in the drainage channel extending along the northeast side of the CMP. The hole was approximately 1.5 feet in diameter, and a shovel placed into the hole went in approximately 2 ft. There was no mounding of dirt around the hole, which indicates that the hole was not an animal borrow. The feature looks to be a result of piping erosion. Piping is a subsurface form of erosion that involves the removal of subsurface soils in pipe-like erosion channels to a free or escape exit. No exit area was observed. At the time of the inspection, this erosion feature was backfilled up to surface grade with a mixture of soil and a 50-lb bag of bentonite.
No vegetation survey was conducted in 2010. The next vegetation survey will be performed in 2011.
From July 1, 2009, through June 30, 2010, the rainfall total was 175.3 mm (6.9 in). Soil moisture content data show that the UC-1 cover is performing as designed, and evapotranspiration is effectively removing water from the cover.
The UC-1 settling trend that has been occurring since December 2000 continued to show a slight decrease in cover elevation during the current monitoring period. The degree of settling in both the relocation trench and the CMP is within the predicted range and shows no unusual subsidence.
The inspection of UC-3 indicated that the sites are in excellent condition. All monuments and use-restriction signs are in good condition. No issues were identified, and no maintenance or repair activities are recommended at this time.
The inspection of UC-4 indicated that the sites are in excellent condition. All monuments and use-restriction signs are in good condition. No concerns with the monuments or gate were identified.
In the annual subsidence survey, measurements at the UC-4 east monument indicated a continued slight increase in elevation. Subsidence at the west monument is still slightly greater than the predicted settling; the total subsidence was 6.6 cm (2.6 in) since the baseline survey in October 1999. The cause of the continued increase in elevation of the two UC-4 monuments is unknown. 
Conclusions
The following conclusions are based on the 2010 annual inspection:
• No significant concerns were noted for the UC-1 CMP and UC-4 Mud Pit C covers during the annual inspection, and no further maintenance or repairs are recommended at this time. However, personnel traveling to CNTA for routine work will monitor the erosion piping feature on the northeast side of the downstream toe of the CMP throughout the coming year.
• No significant concerns were noted on the subsidence surveys for UC-1 and UC-4. The increases in elevation of the UC-4 monuments will be further evaluated during the 2011 annual inspection.
• With the exception of the lower two stations at the East TDR nest, soil moisture monitoring data indicate that the cover is performing as designed and that evapotranspiration appears to be effectively removing water from the cover.
• The UC-1 CMP cover appears to have performed as designed, and evapotranspiration is effectively removing water from the cover; however, data from the two lower stations in the east TDR nest make it difficult to establish soil-moisture-monitoring compliance criteria.
Recommendations
The following recommendations are based on the 2010 annual inspection:
• Continue site inspections annually, as scheduled, to observe the condition of the covers, fence, vegetation, signs, and monuments.
• Continue annual subsidence surveys on UC-1 and UC-4.
• Conduct a vegetation survey in 2011 to comply with the agreement to perform the vegetation survey biennially.
• Remove large vegetation from the UC-4 cover during the 2011 inspection.
• Continue to collect soil moisture data from both TDR nests.
• Respond to reports from the public of detrimental conditions at the site within 90 days.
• Develop and present to NDEP a work plan that includes an assessment of the hydrocarbon contamination associated with surface use-restricted areas and provides a path forward for future post-closure monitoring of the surface.
